This paper introduces a graph-based and structural model for the representation of land spaces. We develop a spatial model that integrates three complementary abstractions (i.e., parcels, buildings, roads) that provide a spatial and structural representation. The modeling approach retains different categories of topological relations between parcels, buildings and roads, thus generating different graphs whose properties are evaluated and computed using graph-based operators. The union of these graphs generates a connected spatial graph where buildings are closely associated to parcels and the road network, then providing many opportunities for structural analysis.
INTRODUCTION
The representation and analysis of the spatial structure of geographic spaces are still open research problems for many environmental and urban sciences. In particular, a better understanding of the relationship between the structure and function of land spaces is one of the directions that offer many research challenges for geographical information science.
The development of structural and computational approaches for the representation of spatial configurations in urban spaces have been largely favored by the emergence of space syntax since the early eighties [5] , [6] . The main objective behind space syntax is to explore the relationships between spatial configurations and the social and economical processes that arise in urban environments. An urban environment is modeled as a graph where edges represent connections between street intersections, and nodes street intersections. Space syntax approaches introduced many graph-based measures, either local or global, that favor the derivation of centrality, cluster and many other computational measures that can be compared to several emerging properties of a given urban environment [1] , [8] , [10] .
Despite its wide success and rapid development, several objections have been made regarding the principles behind space syntax. A common criticism relies on the over simplification of the network-based view of the city [9] . As mentioned by Jiang [7] "a major finding of space syntax has been the prediction of human movement using some space syntax metrics". But structural spatial properties cannot alone explain human movements, and additional metrics should be considered when modeling a network configuration, as well as additional structural elements such as parcels and buildings that cannot be separated from the main urban network [2] .
The objective of the research presented in this paper is to develop a structural analysis of a peri-urban environment. The suggested approach takes into account different components of the environment, that is, buildings parcels and the roads network within an integrated modeling framework. We propose a graphbased model [4] , based on a formal representation of connections and topological relationships that relate buildings, parcels and the road network. The model is flexible enough to support different levels of analysis, as computational measures can be applied at different levels of abstraction, by considering all or part-of the graphs generated, from local to global levels, from connected to disconnected graphs.
The rest of the paper is organized as follows. Section 2 introduces the spatial modeling approach. The graph-based model is developed in section 3. The experimental studies presented in section 4 illustrate the potential of our modeling framework. Finally section 5 draws some conclusions and outlines further work.
SPATIAL MODELING APPROACH
Let us consider a land environment as a space S defined in ℝ 2 in which buildings, parcels and roads are located and interconnected. S is defined as a topological space modeled by a point set. Three types of regions are considered, namely buildings, parcels and roads, and where every region is modeled as a point set. The sets of buildings, parcels and roads are modeled as follows, respectively:
A set of buildings B = {b 1 ,…, b n } where every building b i is a region of S with 1≤ i ≤ n and n ∈ ℕ A set of parcels P = {p 1 ,…, p m } where every parcel p j is a region of S with 1≤ j ≤ m and m ∈ ℕ Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the Owner/Author. Copyright is held by the owner/author(s). SIGSPATIAL'13, Nov 05-08 2013, Orlando, FL, USA ACM 978-1-4503-2521-9/13/11. http://dx.doi.org/10.1145/2525314.2525317 A set of roads R = {r 1 ,…, r o } where every road r k is a region of S with 1≤ k ≤ o and o ∈ ℕ Let us introduce a few assumptions that reflect some basic properties of a cadastral map. First, the union of the buildings (modeled as point sets) is included in the union of the parcels (also modeled as point sets), therefore B ⊂ P. A second property is that the union of parcels and roads forms a partition of S (P ∩ R = ∅ and P ∪ R = S). A consequence of these two properties is that buildings and roads never intersect (
Let us introduce several operators based on the RCC8 (disconnected (DC), externally connected (EC)) [3] . The union operator is defined as a set operator on S (S being a point set). The operators inclusion and intersection are defined as Boolean operators. More formally, let A and B denote two regions and points set of S, then:
Let us remark that the intersection is assimilated to an intersection of interiors
Buildings and parcels are related by several spatial constraints hereafter denoted as properties:
Property 1: each building is included in a parcel or in the union of several parcels.
Property 2: for any buildings
Property 3: for any parcels p i , p j of P, either p i and p j are DC or p i EC to p j Similarly, parcels and roads are related by several spatial constraints hereafter denoted as properties:
Property 4: for any roads r i , r j of R, either r i and r j are DC or r i is EC to r j Property 5: the point set of roads constitute a connected region (we do not take into account disconnected networks, e.g., the road network of an island separated from the mainland network).
Property 6: for any parcels p i of P and any roads r j of R, either p i and r j are DC or p i is EC to r j In order to integrate buildings, parcels and roads in a network, the relationships between buildings, parcels and roads are represented. For instance, parcels are modeling abstractions that allow to connect buildings to roads by transitivity. The relationships between buildings and parcels, and between parcels and roads are modeled as follows:
(1) NEIGHBOR B (b i ), (2) NEIGHBOR P (p i ) and (3) NEIGHBOR R (r i ) are three functions that give (1) buildings, (2) parcels and (3) roads EC to (1) the building b i , (2) the parcel p i and (3) the road r i , respectively.
(1) INT B-P (b i ) and (2) INT P-B (p i ) are two functions that give (1) parcels and (2) buildings that intersect with (1) the building b i and (2) the parcel p i , respectively.
(1) ADJ R-P (r i ) and (2) ADJ P-R (p i ) are two functions that give (1) parcels and (2) roads EC to (1) road r i and (2) parcel p i , respectively.
The buildings, parcels and roads are related using several basic associations that relate them as follows: 
GRAPH-BASED MODEL
A graph G is defined as a pair (V, E) such that V is a non-empty set of vertices and E a set of edges representing a relation between these vertices, that is, a pair of vertices of G. In order to derive a graph-based representation, let us successively introduce several graphs derived from buildings, parcels and roads, respectively.
Elementary Graphs
The elementary graphs of EC buildings, EC parcels and EC roads are defined as follows, respectively:
Graph of EC buildings G B = (V B , E B ) such as:
is, the set of pairs of EC buildings of S Graph of EC parcels G P = (V P , E P ) such as:
is, the set of pairs of EC parcels of S
Graph of EC roads
, that is, the set of pairs of EC roads of S
Union of Elementary Graphs
The elementary graphs previously identified are combined to generate a higher level of representation where buildings and parcels on the one hand, parcels and roads on the other hand, can be connected to generate additional graphs.
Graph of buildings and parcels
G BP = (V BP , E BP ) o V BP = B ∪ P o E BP = E B ∪ E P ∪ {(b i ,p j ) ∈ B x P | AssoBP(b i ,p j ) = true},
that is, pairs of EC buildings, EC parcels, and buildings that intersect parcels of S

Graph of parcels and roads G PR
, that is, pairs of EC parcels, EC roads and parcels EC to roads.
Connected Graphs
The different types of association allow to derive a connected graph that aggregates the different types of association between buildings, parcels and roads.
Connected graph G BPR
, that is, pairs of EC buildings, EC parcels, EC roads, buildings that intersect parcels, parcels EC to roads, and buildings that intersect a parcel EC to a road.
EXPERIMENTATION
The spatial database used as an experimental setup is derived from the city of Guisseny, a village in North West France. The Guisseny map includes 1026 buildings (houses or others), 2598 cadastral parcels and 247 road segments connected with 213 road nodes.
Weighted Degree
Let us explore the properties of the connected graph (buildings, parcels and roads). Five possible links associate two buildings. These associations reflect differences on the levels of connection and possible spatial configurations. These differences can be 
Next let us derive a weighted measure of local connection for each building which is defined as sum of the weight indices, it is given as follows:
The notion of hierarchy is taken into account based on the idea that links between externally connected buildings are stronger than links between detached ones. Similarly, an association of two buildings throughout a road should be considered as less important. Without loss of generality, and in order to illustrate the weighted-based approach, decreasing values of connectivity are
Let us illustrate this approach using a subset of the experimental dataset made of 18 buildings, 22 parcels and 5 road sections (Figure 1 ).
Figure 1. C BPR for an example of complete graph
These results show that the multigraph model supports the derivation of a weighted and local measure of integration that is applied to the buildings of the spatial structure. Figure 1 shows the high level of connection of b 11 with C BPR (b 11 )=20. The approach is relatively qualitative as the relationships valued between different buildings are somehow independent of the metrics. For example, the building b 1 has a higher level of connection than buildings b 2 or b 14 , while it appears spatially more isolated than them. This reflects the fact that the building b 1 is included in a parcel connected to two roads (one of these roads being connected to several buildings), and that parcel is EC to two parcels, each of those two parcels intersects a building. This emphasizes the role of the local level and the role of buildings relatively isolated from the main spatial structure, but while being locally well integrated to the spatial structure regarding its connection to other buildings, parcels and the road network.
In a different and more neutral approach, let us consider all links to be equivalent, that is, α 1 = α 2 = α 3 = α 4 = α 5 = 1. In order to evaluate the impact of this assumption, let us select another area where buildings are connected to only one road ( Figure 2 ). Here several buildings have a same C BPR value (C BPR =16 along the vertical road) while the underlying spatial contexts are different: one or two buildings included in a parcel, buildings connected with one or many roads, buildings with one or many neighbors. While this approach generates an overall representation of the whole configuration probably more relevant than the measure of degree, this view is still incomplete when compared to the weighted approach that reflects the spatial structure with higher relevance. 
Spatial Density
The local evaluation performed at the level of the buildings, parcels and road, still does not reflect the clusters that might appear in the overall spatial structure. Intuitively, a cluster of buildings appears when those are related by local spatial relationships, and particularly when these buildings are closely connected to a given road. Next, and in a first approximation, we introduced a global density measure of a given spatial configuration valued as a ratio between the number of isolated clusters and the number of connected ones (two clusters are considered as connected when then share at least a building). However, and when applied to the experimental data used a support of our study, the number of isolated clusters is not significant enough to be reported. This approach is still to be experimented, one direction to explore might consider different modes of connection between the clusters identified.
In a second approach, we introduced a local density measure and function NbC(b i ) that returns the number of roads connected to a given building b i . For a given road r j connected to n buildings, the local density is given by a ratio between the sum of the NbC(b i ) with 1<i<n and the number of buildings n. It is given as follows:
The example shown in Figure 3 illustrates the contrast between low (respectively high) densities of the road network in the northern part of the village (respectively in the southern). Low densities emerge in areas where most of the buildings are connected with only one road, while higher densities emerge in areas where buildings are connected to several roads. Overall, this measure gives a sense of integration of the buildings in the road network.
CONCLUSION
The representation and analysis of the spatial structure of a geographic space is still an open research issue for many environmental and urban sciences. Such development might be extremely valuable for scientific studies oriented to the exploration of the relationship between the overall structure and the function of land spaces. The research presented in this paper develops a graph-based approach whose objective is to reflect, using different modalities, the spatial structure and properties that emerge from a land space. This approach is based on the modeling of different levels of topological and graph relationships, as well as on different elementary entities (buildings, parcels, roads) that together form the core of land-based structures. Several graphs are derived from these elementary spatial associations, those favoring derivation of several local and global connectivity and clustering measures. The modeling approach is experimented and applied to a preliminary case study that shows different local and global patterns. Further work will be conducted at two levels: by an exploration of additional local and clustering measures, as well as different valuation options, and further application to different land configurations.
